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® Time—frequency analysis

" Time-reassigned multisynchrosqueezing transform
8 Time—frequency representation

? Singular value decomposition

1" Roundness errors

' Waviness errors
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Parameters Values Unit
Shaft length 2065 mm
External diameter of shaft 180 mm
External diameter of disk 957.03 mm
Disc thickness 124.55 mm
Distance of the mass center to bearing (1) [, 284.775 mm
Distance between two discs 1, 1495.45 mm
Distance of the mass center to bearing (2) I3 284.775 mm
Young’s moduls 200 GPa
Shear moduls 76.92 GPa
Mass density 7850 kg /3
Poisson’s ratio 0.3 -
Stiffness k.1 12 MmN/
Stiffness ky, 10 MN/
Stiffness k., 14 MmN/
Stiffness k., 9.8 MmN/
Damping Cy,q 500 Ns/.
Damping ¢, 550 Ns /m
Damping ¢y, 550 Ns/.
Damping ¢y, 560 Ns/.
Bearing mass 1 (m,) 0.01 kg
Left disc mass (m,) 397.04 kg
Right disc mass (m5) 397.04 kg
Bearing mass 2 (m,) 0.01 kg
Rotational speed range (w) 0-42000 rpm
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Measurement

Built-in Sensor low noise MEMS sensor
Sensitivity (X, Y, Z) 100 mV/g

Frequency Range (x3c +3dB) 0.5Hz to 12 kHz
Dynamic Range 1209

Resonant Frequency More than 25 kHz
Sample Rate 48 kHz

ADC 24 bits
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13 Fast Fourier Transform (FFT)
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Abstract

With the increasing development of the railway industry, the inspection of bogie axle bearing
defects has become more important. This article presents the model of 14 degrees of freedom
of the wheel and bogie axle. After obtaining the equations governing the system's movement
by analytical method and their linearization, the system's natural frequencies are calculated at
different working speeds. In the following, the experimental results obtained from the labora-
tory setup are presented. The results obtained from the analytical method are verified by the
experimental results and the results of Ansys software. Then, taking into account that the exist-
ence of failure in the bearing reduces the stiffness coefficient in the bearing, the effect of the
failure of the bearing on the natural frequencies of the system is investigated. The results show
that the second and fourth critical speeds of the system decrease as the axle bearings are dam-
aged. Also, the effect of the failure of one of the bogie bearings has also been studied for a
better understanding.

Keywords: Train bearing, Bogie wheel and axle, Dynamics of rotating machines, Critical speed,
Defect in the bearing



